The ability to generate energy in a renewable and sustainable way is rapidly becoming one of the key priorities both for science, technology and society. Solar energy is one such renewable resource, and nature harnesses it through the process of photosynthesis. Inspired by natural photosynthesis, photovoltaics and photocatalysis are using sunlight to produce electricity or to drive chemical reactions.
Bethe-Salpeter equation, together with some of the pitfalls of these methods. The discussion is illustrated with examples of calculations of the properties of TiO 2 and organic polymer photocatalysis.
TiO 2 , the oldest reported photocatalyst [13] , is still probably the most studied photocatalytic material [14] , and three papers in this special section deal with this material and address electron localization [15] , band positions and electron-hole separation [16] and photocatalytic reaction mechanisms [17] . Di Valentin [17] explores the mechanism of water splitting-one of the most important photocatalytic processes-focusing on the first steps of water oxidation on the anatase (1 0 1) surface. This study proposes a mechanism where photo-oxidation is triggered by a hole localised on a surface bridging oxygen: hole transfer from TiO 2 to an adsorbed water molecule takes place simultaneously with proton transfer from this water molecule to the surface, to form a reactive OH· radical species. The resulting OH· radical is likely to react with another hydroxyl radical to form hydrogen peroxide, H 2 O 2 , or react with other water molecules, with the outcome depending on the species' orientation.
The location and the extent of localization of the photogenerated electrons and holes are very likely to influence the rates of charge transfer processes. Maggio et al [15] explore the localization of excess electron in TiO 2 where a positive counterion is present next to the surface (a charge-transfer exciton). This fundamental system is relevant both for photocatalysis, where the species being reduced is likely to be a cation, and for dye-sensitised solar cells, where the electrolyte solution contains dye cations, as well as other organic and metal cations. The DFT study finds that the excess electron is not fully localized: although a large fraction of the excess electron density is found on one surface or subsurface Ti atom, a noticeable fraction of the excess electron density is spread laterally over a large region. Therefore, a continuum model is introduced to complement DFT and access large areas; this model gives the exciton radius in TiO 2 of tens and even up to hundreds of Ångströms.
TiO 2 on its own may not be good enough as a photocatalyst, because of its lack of visible light absorption and significant electron-hole recombination; modification of this material may be needed to improve its performance. Fronzi et al [16] give an overview of their recent work on modification of TiO 2 surfaces with metal oxide nanoclusters, such as TiO 2 , SnO, SnO 2 , PbO, PbO 2 , NiO and CuO. The adsorbed nanoclusters modify the positions and the composition of the valence and conduction band edges (and therefore light absorption) of the parent TiO 2 system and, more importantly, can lead to spatial separation of photogenerated electrons and holes; however, the effect strongly depends on the nature of the nanocluster. Notably, the properties of 'wet' (water-adsorbed) TiO 2 /nanocluster systems are different from the properties of the same systems in vacuo.
Despite the popularity of TiO 2 , a wide range of other promising materials are being explored [1, 2] . In this section, Poli et al [18] present a study of imogolite (alumosilicate and alumogermanate) nanotubes and their properties as photocatalysts. Nanotubes have several attractive properties for photocatalysis: they are porous and therefore have a large surface area, and they are intrinsically polarized, offering a different environment to reactant species adsorbed inside and outside the tube. The linear-scaling DFT study [18] finds that the valence and conduction bands of these nanotubes are spatially separated and are localized on the inner and outer nanotube surfaces, respectively, offering the possibility of photoreduction of water on the outside, and photo-oxidation and hole scavenging on the inside of the tube. Interestingly, the energy levels of adsorbed water are affected by tube wall polarization: water adsorbed inside the tube has a higher propensity to be photo-oxidized, and outside the tube-photo-reduced.
Molecular systems are very attractive as a basis of organic photovoltaic devices, particularly because plenty of molecular structures can be devised and their properties can be controllably tuned. Faced with this wealth of candidate materials, a fast screening technique is desirable, to weed out poor entries and to select the few promising materials. Tortorella et al [19] describe a search for a reliable and cost-efficient method for studying molecules for organic solar cells, focusing on a particular class or organic molecules-benzofulvene derivatives. Computational methods at different levels of complexity are explored, from semiempirical methods to DFT with a range of density functionals for structures and frontier orbital energies, and TD-DFT for excited states. The study identifies the best-performing method (i.e. the one providing the highest accuracy of the calculated optical gap) and shows that semiempirical methods can be efficiently used for fast but qualitatively reliable screening of large sets of molecules.
